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A B S T R A C T
Dietary intake and obesity can alter the composition of the gut microbiota thereby affecting the health of the
host. It is unclear if intake of glucosinolate-containing cruciferous vegetables alters the composition of the gut
microbiota in obesity. The aim of this study was to compare the gut microbiota composition between six diet-
induced obese rats receiving Wasabia japonica (wasabi) supplementation (5% (w/w)) for eight weeks and six
control diet-induced obese rats by 16S rRNA amplicon sequencing. Supplementation with wasabi reduced beta
but not alpha diversity in obese rats and was associated with increased abundance of the bacterial genera
Allobaculum, Bifidobacterium and Unclassified S24-7 and decreased abundance of Unclassified Enterobacteriaceae,
Unclassified Ruminococcaceae, Unclassified Lachnospiraceae and Unclassified Desulfovibrionaceae. Supplementation
with wasabi is predicted to result in less bacterial biosynthesis of fatty acids and phospholipids, which may lead
to improved host lipid markers in diet-induced obese rats.
1. Introduction
Obesity has become one of the most important public health con-
cerns of the 21st century (World Health Organization, 2015). The
global obesity crisis phenomenon, now being referred to as “globesity”,
is expected to affect approximately 60% of the entire population within
the next two decades (Alam et al., 2015; World Health Organization,
2003). Obesity has also been linked with differences in the composition
of the gut microbiota (Hakkak, Korourian, Foley, & Erickson, 2017).
The gut microbiota is a highly complex community, involving a
large variety of different bacterial, archaeal and viral species which
communicate within the microbiota, and with host systems such as the
central nervous system and the innate and adaptive immune systems
(Baquero & Nombela, 2012; Earley et al., 2015; Erny, Hrabě de Angelis,
& Prinz, 2017; Kim et al., 2018; Martin, Osadchiy, Kalani, & Mayer,
2018; Valdes, Walter, Segal, & Spector, 2018). Diets such as the Wes-
tern diet, standard American diet or cafeteria-diet can affect the com-
position of the gut microbial communities (Hu, 2002), which has been
negatively associated with the host’s health. Changes to the gut mi-
crobiota have been associated with the growing epidemics of chronic
illness such as obesity and type 2 diabetes in developed countries
(Hartstra, Bouter, Bäckhed, & Nieuwdorp, 2015).
Gut microbiota composition is also altered in animal models of
obesity, including in rats. High-fat diet (HFD) in Sprague-Dawley rats
has been associated with a decrease in the phylum Firmicutes and genus
Lactobacillus in the gut microbiota (Lecomte et al., 2015). Lactobacillus
abundance was negatively correlated with fat mass and body weight in
HFD-fed rats (Lecomte et al., 2015). In HFD-fed Wistar rats, an increase
in abundance of the families Coriobacteriaceae and Enterobacteriaceae
was reported that may directly alter host physyiology (Zhao et al.,
2017). Members of the Coriobacteriaceae are involved in bile acid me-
tabolism and cholesterol homeostasis (Zhao et al., 2017). En-
terobacteriaceae abundance has been positively correlated with in-
creased body weight gain, total cholesterol, insulin concentration and
inflammatory cytokines such as interleukin-6 (IL-6) and tumour ne-
crosis factor α (TNF-α) (de La Serre et al., 2010; Zhao et al., 2017). HFD
in Wistar rats was also associated with increased abundance of some
species in the Lachnospiraceae family, which has been positively asso-
ciated with obesity (Zhao et al., 2017). However, it is unclear which
species are involved with the associated weight gain (Meehan & Beiko,
2014). Supplementation of the HFD with probiotic bacteria, such as
Bifidobacterium spp. and Lactobacillus spp., has reportedly reduced
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adipose tissue volume and cholesterol concentration as well as im-
proved blood glucose concentrations in rodent models of obesity
(Bomhof, Saha, Reid, Paul, & Reimer, 2014; Cui et al., 2017).
Cruciferous vegetables such as mustard, radish, horseradish, wasabi
and kohlrabi belong to the Brassicaceae plant family and contain high
amounts of dietary fibre (Tanaka et al., 2017). Dietary fibre can be
fermented by a range of different bacteria to produce short-chain fatty
acids and other metabolites (Li, Hullar, Schwarz, & Lampe, 2009; Wu
et al., 2019). The myrosinase enzyme, which is expressed in cells of
Brassicaceae plants, metabolises glucosinolates into isothiocyanates
(Kim et al., 2015). Isothiocyanates derived from plant-sourced foods
have been reported to decrease the incidence of chronic diseases such as
inflammation, hypertension, obesity, type 2 diabetes and cancer
(Oowatari et al., 2016; Tanaka et al., 2017; Tilg, 2015). Increased
consumption of Brassicaceae plants is associated with a reduction in the
relative abundance of gram-negative, sulphate-reducing bacteria De-
sulfovibrionaceae, which can potentially promote gastrointestinal health
due to lower production of hydrogen sulphide (Kellingray et al., 2017;
Wu et al., 2019).
Moreover, cruciferous vegetables including Wasabia japonica (wa-
sabi) reportedly contain antibacterial compounds. In vitro, water ex-
tracts from different parts of the wasabi plant (rhizome, leaf blade and
leaf petiole) showed significant antimicrobial activity against
Escherichia coli in growth brain heart infusion medium (Park et al.,
2006), against Helicobacter pylori and against food-borne pathogenic
bacteria such as Streptococcus mutans (Shin, Masuda, & Naohide, 2004).
It is not yet known if supplementation with wasabi alters the overall
composition of the gut microbiota in the setting of obesity. The aim of
this study was to analyse the effects of wasabi rhizome and stalk sup-
plementation on gut microbiota composition in diet-induced obese rats.
2. Materials and methods
2.1. Wasabi samples
Five hundred grams of hydroponic wasabi (Wasabia japonica) rhi-
zome and stem blend powder was purchased from Shima Wasabi Pty
Ltd (Tasmania, Australia).
2.2. Animal model and diets
All experimental protocols were approved by the Animal Ethics
Committee of the University of Southern Queensland (#14REA011),
under the guidelines of the National Health and Medical Research
Council of Australia. Twelve male Wistar rats (8–9 weeks old, weight
335 ± 5 g) were sourced from the Animal Resource Centre, Murdoch,
WA, Australia and were individually housed in cages at 22 ± 2 °C with
a 12-hour light/dark cycle. All rats were maintained on a high-carbo-
hydrate, high-fat diet with ad libitum access to food and water for eight
weeks. The diet contained 17.5% (w/w) fructose, 39.5% (w/w) con-
densed milk, 15.5% (w/w) powdered rat food, 2.5% (w/w) Hubble,
Mendel and Wakeman salt mixture, 5% (v/w) water and 20% (w/w)
beef tallow (Panchal et al., 2011). 25% (w/v) fructose was added to
their drinking water. After eight weeks, the rats were randomly divided
into a control group that were maintained on the high-carbohydrate,
high-fat diet for an additional eight weeks (H; n = 6); and a supple-
mented group that were fed the same diet and orally supplemented with
5% wasabi rhizome and stalks powder (HW; n = 6) for the last eight
weeks based on previous studies using wasabi supplementation
(Yamada-Kato et al., 2016; Yamasaki et al., 2013). The intakes of food
and water and body weights were measured daily. Stool samples were
collected at sacrifice and stored at −80 °C.
2.3. Faecal collection and sequencing
Gut microbiota analysis was performed on rat faecal samples of H
and HW rats by the Australian Centre for Ecogenomics, Brisbane, QLD,
Australia, where DNA extraction of faecal samples and sequencing were
performed. The DNA extraction was performed using 50–200 mg of raw
sample with a preparatory step of bead beating using 0.1 mm diameter
glass beads (BioSpec Products #11079101) on the Powerlyser 24
homogenizer (Mo-Bio #13155) for five minutes at 2000 rpm.
Extraction was as per Qiagen DNeasy Powersoil Kit (cat #12888-100)
in a final volume of 50 μL. The PCR amplification of the DNA was
performed with primers for V6–V8 region of 16S rRNA gene using the
926F (5′-AAACTYAAAKGAATTGACGG-3′) and 1392wR (5′-ACGGGC-
GGTGWGTRC-3′) primer pair (Doolette et al., 2016). After amplifica-
tion and purification with Agencourt AMPure XP beads (Beckman
Coulter), the Illumina Nextera XT 384 Sample Index Kit A-D (Illumina
FC131-1002) was used to add barcodes. The samples were pooled into a
library and paired-end sequenced using the Illumina V3 MiSeq plat-
form.
2.4. Plasma analysis
Plasma activities of alanine transaminase and aspartate transami-
nase and plasma concentrations of total cholesterol, triglycerides and
non-esterified fatty acids were determined as previously described
(Panchal et al., 2011). At the end of the protocol, rats were deprived of
food overnight for 12 h. All rats received normal drinking water during
this time. After the food-deprivation period, basal blood glucose con-
centrations were measured in blood taken from the tail vein using a
Medisense Precision Q.I.D. glucose meter (Abbott Laboratories, Bed-
ford, MA). Glucose solution (2 g/kg body weight) was administered
through oral gavage as 40% (w/v) aqueous solution. Blood samples
were taken at 30, 60, 90 and 120 min after glucose administration
(Panchal et al., 2011). These blood glucose concentrations were used to
calculate area under the curve.
2.5. Body composition measurements
After the 16-week protocol, the body composition of the rats (whole
body lean mass and whole body fat mass) were measured using the non-
invasive technique Dual-energy X-ray Absorptiometry as previously
described (Lu, Briody, Howman-Giles, Trube, & Cowell, 1994; Panchal
et al., 2011). Body mass index was calculated based on (weight (g)/
length (cm)2) as previously described (Novelli et al., 2007).
2.6. Statistical and bioinformatics analysis
The V6-V8 region of the 16S rRNA gene was analysed and taxo-
nomic information was assigned using Quantitative Insights into
Microbial Ecology (QIIME) version 2.1. Sequences were uploaded and
primer sequences removed. The GreenGenes database was used to re-
trieve known DNA sequences and identify the bacteria present in the
faecal samples. A predicted functional analysis was conducted using the
program ‘Phylogenetic Investigation of Communities by Reconstruction
of Unobserved States’ (PICRUSt2). The diversity, group comparison and
taxonomic assignments were performed with the online software tool
Calypso (Zakrzewski et al., 2017). Microbial diversity analyses were
performed using the Shannon and Chao1 indices for alpha (within
sample) diversity. Beta (between sample) diversity was analysed with
unsupervised principal coordinates analysis (PCoA) and supervised
canonical correspondence analysis (CCA) using multivariate permuta-
tion analysis of variance (PERMANOVA). Group analysis and LEfSe
(linear discriminant analysis (LDA) effect size) analysis was performed
to identify the discriminating genera between the groups. Network
analysis was conducted by identifying bacterial taxa with positively
correlated abundances for both the H and HW groups using Spearman’s
rho correlation coefficients with 500 permutations. The degree of col-
ouring of the nodes represents association with the condition with
brighter colour indicating greater correlation. The size of the nodes
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indicates the abundance of the genus. A significant false discovery rate
of< 0.05 was used (Douglas, Beiko, & Langille, 2018). The abundances
of the bacteria are shown as median and interquartile range (IQR).
Normally-distributed (clinical) statistical data are presented as
mean ± SD, with a P value cut-off point of< 0.05 for statistical
significance (Barrett et al., 2018). H and HW were compared by two-
way ANOVA (GraphPad Prism 7.0).
3. Results
Food, water and energy intakes of the H group and the HW treat-
ment group showed no significant differences at the end of the study
period (Table 1). However, feed efficiency and body weight of HW
group were lower during the supplementation period (Table 1). The
plasma total cholesterol (TC), triglycerides (TG) and aspartate transa-
minase (AST) activity were lowered by wasabi supplementation but
plasma non-esterified fatty acid (NEFA) concentrations and alanine
transaminase (ALT) activity were not affected (Table 1). Additionally,
eight weeks of wasabi powder supplementation did not alter the glu-
cose area under the curve (AUC) when compared to the control group)
(Table 1).
3.1. Comparison of overall gut microbiota composition
Supplementation for eight weeks with wasabi powder did not de-
crease alpha diversity as measured with the Shannon index (Fig. 1A;
P = 0.72) but decreased marginally with the Chao1 index (Fig. 1B;
P = 0.024). The beta diversity between the groups was significantly
different when assessed with both non-supervised PCoA analysis
(Fig. 1C) and supervised CCA analysis (Fig. 1D, P = 0.003) with clearly
visible clustering of the groups indicating a distinct alteration of the
overall gut microbiota diversity in response to wasabi supplementation.
Table 1
Effects of wasabi powder on diet-induced obese Wistar rats.
Variables H HW P value
Water intake (mL/day) 33.2 ± 2.5 27.6 ± 2.3 0.68
Food intake (g/day) 27.1 ± 2.1 24.4 ± 0.9 0.81
Energy intake (kJ/day) 557 ± 34 493 ± 17 0.31
Feed efficiency (kJ/g) 0.36 ± 0.03a 0.23 ± 0.03b 0.047
Body weight (g) 461 ± 10a 407 ± 4b <0.0001
Wasabi intake (g/kg/day) – 1.04 ± 0.05 –
Glucose area under the curve
(mmol/L × min)
740 ± 41 682 ± 20 0.22
Plasma AST activity (U/L) 91.2 ± 11.0a 65.0 ± 3.0b 0.045
Plasma ALT activity (U/L) 34.7 ± 3.9 34.0 ± 1.5 0.85
AST/ALT ratio 2.7 ± 0.4 1.9 ± 0.1 0.08
Plasma NEFA (mmol/L) 2.7 ± 0.9 2.6 ± 0.6 0.69
Plasma triglycerides (mmol/L) 1.5 ± 0.1a 1.1 ± 0.4b 0.022
Plasma total cholesterol (mmol/L) 1.7 ± 0.1a 1.0 ± 0.06b 0.008
Values are presented as mean ± SEM, n = 6. Means in a row with unlike
superscripts (a or b) differ and no superscript indicates no difference between
the groups, P < 0.05. H, rats fed with high-carbohydrate, high-fat diet; HW,
rats fed with high-carbohydrate, high-fat diet plus wasabi; AST, aspartate
transaminase; ALT, alanine transaminase; NEFA, non-esterified fatty acids.
Fig. 1. Measures of diversity, comparing H to HW-fed rats. (A) Shannon index; (B) Chao1 (richness); (C) Principal Coordinates Analysis (PCoA) plots of Bray-Curtis
distances between H and HW samples; (D) Canonical correspondence analysis (CCA) at the genus level according to H or HW diet. Boxplots show median and
interquartile range with the whiskers presenting the 2.5th and 97.5th percentile. Grey square or circle, H diet; white circle, HW diet.
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Differences in the abundances of the H and HW groups was analysed
on genus level (Fig. 2A). The gut microbiota of rats supplemented with
wasabi contained significantly higher abundances of Allobaculum
(P = 5.9 × 10-6), Bifidobacterium (P = 0.0031), Sutterella (P = 0.043),
Unclassified Coriobacteriaceae (P = 0.042) and Unclassified S24-7
(P = 0.019). Rats on the H diet displayed increased abundances of
Unclassified Clostridiales (P = 0.036), Unclassified Lachnospiraceae
(P=0.045), Unclassified RF39 (P= 0.04), Unclassified Ruminococcaceae
(P = 0.032), Unclassified Peptococcaceae (P = 0.021), Unclassified En-
terobacteriaceae (P = 0.048), Unclassified Bacteroidales (P = 0.036) and
Unclassified Barnesiellaceae (P = 0.04).
Differences between the gut microbiota compositions of the groups
was also assessed by LEfSe analysis which identified the genera
Unclassified Clostridiales, Unclassified Lachnospiraceae, Unclassified
Ruminococcaceae, Unclassified Enterobacteriaceae, Oscillospira and
Unclassified. RF39 as biomarker genera for the H diet whereas
Allobaculum, Bifidobacterium, Unclassified S24-7, Unclassified
Coriobacteriaceae and Sutterella were biomarkers genera for the HW diet
(Fig. 2B). There was a large degree of overlap between the two methods
with both indicating Allobaculum being significantly upregulated after
supplementation with wasabi.
3.2. Network analysis
Network analyses were performed to identify the co-occurring and
mutual exclusive bacteria of the two different diets. An alteration of the
overall composition of the gut microbiota was observed. The H diet was
associated with increased abundance of Oscillospira, Bacteroides,
Parabacteroides, Akkermansia, Unclassified Peptococcaceae, Unclassified
Enterobacteriaceae, Unclassified Desulfovibrionaceae, Unclassified
Clostridiales and Unclassified RF39. In contrast, The HW diet was asso-
ciated with increased abundance of Unclassified Clostridiaceae,
Turicibacter, Unclassified S24-7 and Allobaculum (Fig. 3).
3.3. Regression analyses of microbiota profiles
The intake of wasabi powder was strongly positively correlated with
the abundance of Allobaculum (P = 0.00003) and Unclassified S24-7
(P = 0.012), but negatively correlated with Unclassified Clostridiales
(P = 0.024), Unclassified Lachnospiraceae (P = 0.024) and Oscillospira
(P = 0.032) (Table 2). Allobaculum abundance was negatively corre-
lated with energy intake, body weight, abdominal circumference,
whole body fat mass, fasting blood glucose levels and glucose area
Fig. 2. Group comparisons in genus abundance between the H (black boxes or bars) and HW samples (white boxes or bars). (A) Rank test of genus abundance. (B)
LEfSe analysis of genera associated with H or HW group. Boxplots show median and interquartile range with the whiskers presenting the 2.5th and 97.5th percentile.
*, P < 0.05; **, P < 0.01; °, individual values< 2.5th or> 95th percentile.
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under the curve. Unclassified Clostridiales abundance was positively
correlated with plasma AST activity (P = 0.030) and fasting blood
glucose concentration (P = 0.012) as well as whole body fat mass
(P = 0.014). Unclassified S24-7 was positively correlated with whole
body lean mass and negatively correlated with whole body fat mass,
fasting blood glucose and plasma AST activity. Fasting blood glucose
concentrations were also positively correlated with Unclassified Lach-
nospiraceae. The composition of the gut microbiota was not correlated
with body mass index, plasma ALT activity and plasma concentrations
of total cholesterol, triglycerides and NEFA.
3.4. Predicted biosynthesis function analyses
Predicted biosynthesis function analyses (Fig. 4) suggested that the
functional capacity of the microbiota in the animals supplemented with
wasabi was enriched for pathways associated with glucose and xylose
degradation and the biosynthetic pathways for the amino acids lysine
and threonine as well as for purine nucleotides. In contrast, in animals
fed only the high-carbohydrate, high-fat diet (H group), pathways for
the biosynthetic pathways for phospholipids and fatty acids, including
the mono-unsaturated fatty acid gondoate, were enriched.
4. Discussion
The present study analysed the influence of wasabi supplementation
on the gut microbiota in diet-induced obese rats. Wasabi supple-
mentation significantly altered the overall composition of the gut mi-
crobiota as observed by the differences in beta-diversity between the
groups. While there was a reduction in diversity in the wasabi-supple-
mented rats as assessed by Chao1, this difference disappeared when
taking into account the evenness in the analysis using the Shannon
index. The differences between the indices may reflect the small sample
number given that the direction of change was similar in both analyses.
Alternatively, it may indicate that the decreased diversity mainly con-
sists of changes in low abundant genera. Circulating wasabi compound
(6-MSITC) in the plasma of treated animals has been reported to be
present at its maximum concentration of 0.9 mmol/mL 30 min after
wasabi administration and then slowly decreases within 1 h (Morimitsu
et al., 2002). Wasabi compound was detected in the plasma even 4 h
after a single administration of 6-MSITC, confirming that 6-MSITC is
absorbed into the body following its oral administration (Morimitsu
et al., 2002) and could thus affect the composition of the gut micro-
biota.
The abundance of bacteria genera Allobaculum, Bifidobacterium and
Sutterella were positively associated with wasabi supplementation.
Fig. 3. Network Analysis. Genera are represented as nodes and abundance as node size. The colour of the nodes indicates the strength of the association with the
group. Genera associated with an H diet are displayed in white and HW diet are displayed in black.
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Enrichment of Allobaculum and Bifidobacterium has previously been
reported to be associated with weight loss in obese rodents (An et al.,
2011; Huazano-Garcia, Shin, & Lopez, 2017; Qiao, Sun, Xie, Shi, & Le,
2014).
Allobaculum is a short-chain fatty acid-producing bacterium which
has been linked to the alleviation of diabetes and obesity by reducing
the migration of endotoxins into the bloodstream (Zhang et al., 2015).
This finding coincides with our correlation analysis, showing a negative
correlation between the abundance of the Allobaculum and energy in-
take, body weight, abdominal circumference, whole body fat mass,
plasma fasting glucose concentration and glucose area under the curve,
all commonly observed physiological changes induced by high-carbo-
hydrate, high-fat diet.
Furthermore, Allobaculum abundance had the strongest positive
association with wasabi intake, suggesting that this genus plays an
important role in promoting the effects of wasabi. The higher abun-
dance of Bifidobacterium found in wasabi-supplemented rats is con-
sistent with previous reports of the anti-obesogenic, hypolipidaemic,
hypoglycaemic and anti-inflammatory effects of wasabi powder (An
et al., 2011).
After the 8-week protocol we observed a reduction in abundance of
the bacterial genera Unclassified Enterobacteriaceae in the wasabi-sup-
plemented group. W. japonica has previously been shown to selectively
inhibit Enterobacteriaceae family member Escherichia coli in vitro (Park
et al., 2006). While our study indicates a similar effect in vivo against
the bacteria Enterobacteriaceae family, it is unclear if this represents a
specific reduction in Escherichia coli. The abundance of Unclassified
Enterobacteriaceae has been positively associated with increased total
cholesterol, leptin and insulin concentration as well as body weight and
inflammatory cytokines (TNF-α and IL-6) in response to a high-fat diet
in rats (Ramos-Romero et al., 2014). Our results also indicate that a
high-fat diet is associated with higher abundance of these bacteria,
which may result in the increased predicted biosynthesis of fatty acids
and phospholipids and that may be ameliorated by wasabi supple-
mentation. Supplementation with wasabi powder significantly sup-
pressed the abundance of the bacterial genera Akkermansia, Unclassified
Ruminococcaceae and Unclassified Lachnospiraceae.
Lachnospiraceae is a family of bacteria in the order of Clostridiales,
and both Unclassified Lachnospiraceae and Unclassified Clostridiales are
positively correlated with plasma fasting glucose concentration and
AST activity. This pattern is consistent with a previous study done in
mice, indicating the importance of the family Lachnospiraceae for me-
tabolic disorders such as obesity and diabetes (Kameyama & Itoh,
2014). However, it is unknown which species are involved in the in-
crease of metabolic dysfunction (Meehan & Beiko, 2014). Akkermansia
and Ruminococcus have previously been shown to have higher abun-
dance in obese rats compared to lean rats (Hakkak, Korourian, Foley, &
Erickson, 2017; Luccia et al., 2015) although not consistently so (Liu
et al., 2019). Additionally, abundance of the bacterial genus Rumino-
coccus and the Coriobacteriaceae family in the gut was associated with
the development of metabolic syndrome (Luccia et al., 2015).
Rats supplemented with wasabi powder had significantly lower
bacterial abundance of the genera Unclassified Ruminococcaceae and
Oscillospira than non-supplemented rats. However, wasabi-supple-
mented rats had a significantly greater abundance of Unclassified
Coriobacteriaceae when compared to the non-supplemented H group.
Specific species within Coriobacteriaceae are known for their ability to
metabolise compounds such as the isoflavones daidzein and genistein to
equol (a phytoestrogen compound responsible for some of the meta-
bolic effects of isoflavones) (Bangsgaard Bendtsen et al., 2012; Flórez,
Vázquez, Rodríguez, Redruello, & Mayo, 2019; Jin, Kitahara, Sakamoto,
Hattori, & Benno, 2010). Equol can significantly decrease LDL-choles-
terol, C-reactive protein and the reactive oxygen species production as
Table 2
Correlations between specific genera and clinical characteristics and dietary
intake.
Variables Genus Rho P value
Energy intake (kJ/day) Allobaculum −0.7578 0.016
Wasabi intake (g) Allobaculum 0.917 0.00003
Uncl. Clostridiales −0.642 0.024
Uncl. S24-7 0.698 0.012
Uncl. Lachnospiraceae −0.642 0.024
Oscillospira −0.618 0.032
Body weight (g) Allobaculum −0.823 0.002
Uncl. Clostridiaceae 0.624 0.040
Abdominal circumference (cm) Allobaculum −0.565 0.055
Uncl. Clostridiaceae 0.757 0.004
Whole body lean mass (g) Uncl. S24-7 0.609 0.052
Whole- body fat mass (g) Uncl. S24-7 −0.717 0.013
Uncl. Clostridiales −0.713 0.014
Allobaculum −0.702 0.016
Fasting blood glucose (mmol/L) Allobaculum −0.623 0.040
Uncl.Clostridiales 0.724 0.012
Uncl. S24-7 −0.643 0.033
Uncl. Lachnospiraceae 0.750 0.008
Glucose area under the curve
(mmol/L × min)
Allobaculum −0.7 0.043
Aspartate transaminase (U/L) Uncl. S24-7 −0.620 0.056
Uncl. Clostridiales 0.681 0.030
Uncl. Lachnospiraceae 0.658 0.038
Fig. 4. Predicted biosynthesis function analyses as assessed by LEfSe analysis of functional pathways. Black bars representing H and white bars HW diet groups.
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well as increasing HDL-cholesterol and improving endothelial function
in vitro (Zhang et al., 2013). This indicates a potential additional benefit
from wasabi supplementation. Future studies will have to clarify whe-
ther different compounds in the wasabi powder are responsible for the
reported effects of wasabi or that they are driven by a single compound.
In addition, the concentration at which the compound(s) achieve these
outcomes will be a subject for future analyses.
Previous studies have shown a negative correlation between the
abundance of Desulfovibrionaceae and consumption of Brassicaceae
plants (Kellingray et al., 2017; Wu et al., 2019). W. japonica contains
glucosinolates (sulphur-containing glycosides), one of the bioactive
compounds of the Brassicaceae (Y.-J. Kim et al., 2015). The Desulfovi-
brionaceae family are gram-negative sulphate-reducing bacteria in-
volved in the production of lipopolysaccharides and endotoxins (Zhao
et al., 2017). They are largely known for their inflammation-inducing
capacity (Cani et al., 2008). Wasabi treated rats (HW group) showed a
significant decrease in the abundance of bacterial genera Unclassified
Desulfovibrionaceae. Interestingly, the PICRUSt results have shown a
higher abundance of bacterial metabolic pathways related to mono-
saccharide degradation and amino acid biosynthesis in the HW group,
whereas the H group had a higher capacity for fatty acid biosynthesis.
Depending on whether or not the fatty acids are secreted by the bacteria
in the gut microbiota and taken up by the host in the non-supplemented
H group, it is possible that the functional shift in the gut microbiota is
related to the reduction in whole body fat mass and an increase in
whole body lean mass seen in the HW group and the increase in whole
body fat and body weight seen in the H group.
5. Conclusions
Our study suggests that the supplementation of a high-carbohy-
drate, high-fat diet with 5% (w/w) wasabi powder was associated with
a change in the abundance and diversity of the gut microbiota of Wistar
rats. Dietary supplementation promoted the enrichment of Allobaculum
and Bifidobacterium, lower body weight and improved lipid markers.
The changes in gut microbiota composition may result in less bacterial
biosynthesis of fatty acids and phospholipids, which may lead to im-
proved host lipid markers in diet-induced obese rats.
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